ABSTRACT Despite the necessity for smartphones to be designed to better accommodate the elderly user, currently available smartphone user interfaces (UIs) do not appear to be optimized for that purpose. The objectives of this paper are to identify the potential usability problems among elderly adults when interacting with a smartphone's UI, and recommend improvements to UI designs. The heuristic evaluation technique was used to determine the anticipated usability problems. SMASH, a set of 12 usability heuristics for smartphone and mobile applications was applied within a controlled environment, with five experts with the necessary competence to perform the evaluation. The results of the study indicated that there were 27 usability problems and 27 heuristic violations encountered. ''Minimize the user's memory load'' and ''match between system and real world'' were the two most frequently violated heuristics. This study was complemented by testing with elderly people, and the results show that 79.17% of the problems experienced by the elderly were predicted by the experts. Usability problems were classified into four categories: 1) appearance; 2) language; 3) dialogue; and 4) information. Problems categories were further divided into sub-categories, and design solutions were suggested for each sub-category. This study's findings contribute to understanding the problems that hinder elderly users in using smartphones and provide valuable feedback to designers of smartphone technology regarding improvements to the UI to better suit the elderly.
I. INTRODUCTION
The smartphone is a valuable technological device for the elderly, aged 60 years and above [1] , as it enables them to communicate fully with their family and friends, making them feel less isolated, more secure and independent [2] . Smartphone is a generic term used for a category of mobile phones, having an independent operating system, thereby allowing users to install various third-party software applications themselves (for example, games and other apps) [3] .
Despite the necessity for smartphones to be designed to better accommodate elderly users, currently available smartphone user interfaces (UIs) do not appear to be optimized for the elderly [4] - [6] . Instead, they address the young and tech-savvy [7] , [8] , whose requirements and attributes vary from those of elderly users. In general, UIs designers have not had the opportunity to work closely with elderly [9] . Therefore, they employ incorrect misconceptions and stereotypes [9] . Failure to design ''elderly friendly'' interfaces may lead to reluctance to the use of smartphones by the elderly [4] , while a properly designed UI that respects the elderly's needs can tackle this issue [4] , [10] . This statement motivated the current study to evaluate the usability of smartphone UI in supporting elderly users.
According to Lewis [11] , there are two major conceptions of usability commonly referred to as ''summative'' and ''formative''. The focus of summative usability measurement is on metrics associated with meeting global task and product goals (i.e., measurement-based usability) [11] . The focus of formative usability is the detection of usability problems and the design of interventions to reduce or eliminate their impact (i.e., diagnostic usability) [11] . The formative conception of usability is also the focus of this study. In this study, usability evaluation builds upon the heuristic evaluation technique, with the main objective to answer the question: what are the potential usability problems that would be experienced by elderly adults when interacting with a smartphone's UI? Answering this question is crucial in identifying the issues that hinder elderly users. Another objective is recommending improvements of smartphone UI designs; specifically, for elderly users. This would help provide insights to the designers of smartphone technologies, with regards to potential improvements for designing elder-friendly UIs.
This study is structured into sections. Section II introduces the main concepts with regard to the definitions of usability and the techniques for the usability evaluation, with a thorough explanation of the technique for a heuristic evaluation of the usability of mobile phones for the elderly. Section III describes the profiles of the experts, the evaluation apparatus and the procedure that was applied. Section IV presents the usability problems that were detected and the design solutions along with a discussion. Finally, the conclusion is presented in Section V.
II. BACKGROUND A. USABILITY
The typical definitions of usability either pertain with measurements of effectiveness, efficiency, and satisfaction (summative) or the absence of usability problems (formative) [11] . Considering the formative conception, the presence of usability depends on the absence of usability problems [11] .
Typical examples of usability methods, which are used for formative evaluation, are heuristic evaluation, and cognitive walkthrough. Both methods include experts inspecting the human-computer interface and predicting problems users might have when interacting with it [12] . In broad terms, usability evaluation techniques can be classified into two groups [13] , [14] ; user-based, and expert-based.
User-based methods; also, known as testing methods, find and identify usability problems through observing people who are representing users while using/commenting on the system interface [14] , [15] . The aim of user-based tests is to assess the degree to which the system supports the intended users in their workflow [13] .
Expert-based methods; referred to as the inspection methods, in which experts inspect the UI and predict problems users would have while interacting with the interface [12] . The outcome of such studies can be a formal report highlights problems identified or recommendations for changes [16] . Among the various expert-based usability methods, heuristic evaluation and cognitive walkthrough are the two most widely used in the field of human-computer interaction (HCI) [17] .
B. HEURISTIC EVALUATION TECHNIQUE
Heuristic evaluation presents several advantages over other evaluation techniques: it is comparatively inexpensive, quick [12] , [14] , and its implementation is easy [14] . Applying the heuristic evaluation technique, ''the expert reviewers critique an interface to determine conformance with a short list of design heuristics'' [16] . When an expert encountered a usability problem, then one or more of the heuristics listed were violated [16] . Various heuristics have been recommended by many authors to facilitate the design of different applications. For example, Jakob Nielsen recommended ten generic principles of interaction design which are among the most utilised heuristics used for designing the UI [18] . Although heuristics appear generic, they help to assess the majority of user interfaces, where specific heuristics are required for particular domains, making sure that specific usability issues are detected [19] . Thus, using genuine heuristics is highly relevant as it can potentially reveal more specific usability matters related to the application's domain [20] .
The participation of three to five experts can be productive in detecting around 75 % of usability problems [12] , [16] , [21] . Being a usability expert is not mandatory to conduct an evaluation [14] . Heuristic evaluation can be conducted by those with either usability expertise, domain knowledge, or both [22] , [23] . Not all detected usability problems are treated equally, some may be defects resulting from aesthetic design, while other problems may affect the execution of the main functions of the system [24] . An efficient method to categorise the severity of usability problems is to use a five-level arrangement of which include; not a usability problem, cosmetic problem, minor usability problem, major usability problem, and usability catastrophe [24] . Based on this arrangement or categories, the experts assign a severity rating to the identified usability problem.
C. HEURISTIC EVALUATION OF MOBILE USABILITY FOR THE ELDERLY
According to Hermawati and Lawson [19] and de Lima Salgado et al. [25] , heuristics of Al-Razgan et al. [26] is the only set specific for evaluating mobile-based applications for the elderly. However, Hermawati and Lawson [19] show, that out of 70 studies, related to usability heuristics for specific domains their study reviewed, only 19 studies could be used to provide indications on the effectiveness of domain specific heuristics. Al-Razgan's heuristics [26] is not among these 19 studies. As reinforced by the study of Hermawati and Lawson [19] , validation of Al-Razgan's heuristics [26] is still reduced. Validation was performed only by four undergraduate students (non-professionals) and conducting a validation in which effectiveness of heuristics is compared to another heuristic set is missing.
Of the limited existing studies applying heuristic evaluation of mobile applications intended to be used by the elderly, are the studies of Watkins et al. [27] , and Silva et al. [28] . In Watkins et al. [27] study, three experts evaluated five ''healthy eating'' applications using heuristics which were synthesised and adapted from three sets of existing heuristics and guidelines. Eight usability problems were identified. Among these problems, three violated the ''flexibility and efficiency of use'' heuristic, and two violated the ''match between the application and the real world'' heuristic. While, Silva et al. [28] evaluated two mobile ''health and fitness'' applications. This study aimed to understand whether the evaluated applications are capable to accommodate the elderly users' needs across a list of heuristics which came from the combination of four sets of heuristics and guidelines. The study's result indicates that the inspected applications do not comply with the standard needs for successful use by elderly users. The common heuristics violated found in the applications' UI are; visual design, navigation and perception. Regardless of the merits of these two studies, since they performed an evaluation of mobile applications for elderly users across some proposed heuristics; two main gaps still can be identified. Firstly, usability heuristics used by Watkins et al. [27] , and Silva et al. [28] require validation to support their effectiveness. Secondly, these studies evaluated UIs for certain types of application, and did not cover the evaluation of currently available smartphone UIs, e.g., Androidbased UIs, which are related to performing the essential and basic daily tasks.
III. METHOD AND MATERIALS

A. EXPERTS
The experts selected to participate in the study were from two categories; (1) three experts with usability expertise and domain knowledge, and (2) two experts with domain knowledge. Table 1 shows the experts' profiles.
The experts in the first group were; two academic staff who work in the HCI area, and one web graphics designer with usability expertise. The academic staff experts have taught HCI courses for undergraduate and postgraduate students and conducted research into the usability of smartphones and touchscreen devices. They also have relevant experience in performing heuristic evaluations on several products, including mobile interfaces. The third expert gained usability knowledge through participating in HCI workshops which included conducting heuristic evaluations as a part of the workshop activities. In addition to his usability knowledge, the expert has experience in website development (mobile friendly website).
The second category of experts included one graphic designer, and one game developer. These experts are team members in a multimedia company specialising in mobile apps development, gaming and virtual reality technologies. They are part of the company's projects focusing on developing mobile apps to help to enhance user experience, also projects in collaboration with academic researchers to design UI for special purpose smartphone apps, (e.g., medical, and spiritual apps).
B. APPARATUS
The study was conducted on an Android-based smartphone device, specifically a Samsung Galaxy J7 device running Android v6.0.1 OS (Marshmallow). The Galaxy J7 has a 5.5-inch Super AMOLED capacitive touchscreen with 720 x 1280 pixels' resolutions. The Galaxy J7's default theme has been evaluated to prevent any bias in results.
C. PROCEDURE
Considering the formative concept of usability, along with the advantages of heuristic evaluation (as demonstrated in section II.B), a heuristic evaluation method is applied to evaluate the usability of the smartphone UI in supporting elderly users. As defined by Rogers et al. [12] , heuristic evaluation has three stages: briefing session, evaluation period, and debriefing session. The heuristic evaluation procedure in this study is comprised of these three stages.
In the first stage, each expert was briefed by the observer (normally called the ''experimenter'' [21] ) regarding the background of the study and the objectives, heuristics applied, the apparatus and target users. Each expert was provided with a thorough explanation of the limitations of the elderly users. The age-related limitations which may affect the ability of elderly aged adults to use a smartphone include; vision, hearing, cognitive and motor function limitations [4] . These limitations were summarised in a checklist to help the experts envision the target users (elderly) of smartphones during the evaluation stage.
The evaluation period (stage 2) comprised of five sessions, where each session commenced when one of the five experts independently inspected the smartphone UI hoping to identify elements that could potentially violate the applied heuristics. Two criteria were defined to select the heuristics to be applied in the study: (1) heuristics should be specific for the smartphone and mobile applications domain, and (2) heuristics that are experimentally validated. Based on these criteria, SMASH [20] , a set of 12 SMArtphone's uSability Heuristics for smartphone and mobile applications was adopted to be applied in this study. SMASH was experimentally validated, and the results supported its utility and effectiveness [20] . SMASH builds on an earlier version of validated usability heuristics for Touchscreen-based Mobile Devices (TMD) [29] . TMD validation performed in two stages resulted in the refinement of heuristics at each stage [19] . Further additional validation experiments have been performed on TMD, and based on the experimental results, TMD heuristics were refined and renamed as SMASH [20] . The new name highlights that heuristics is focusing on smartphones, rather than other touchscreen-based mobile devices. SMASH 12 heuristics are listed below with their corresponding tags (words between brackets):
[Visibility] Visibility of system status.
• SMASH2.
[Match] Match between system and the real world.
• SMASH3.
[Control] User control and freedom.
• SMASH4.
[Consistency] Consistency and standards.
• SMASH5.
[Error] Error prevention.
• SMASH6.
[Memory] Minimise the user's memory load.
• SMASH7.
[Customization] Customisation and shortcuts.
• SMASH8.
[Efficiency] Efficiency of use and performance.
• SMASH9.
[Minimalist] Aesthetic and minimalist design.
• SMASH10.
[Recover] Help users recognise, diagnose, and recover from errors.
• SMASH11.
[Help] Help and documentation.
• SMASH12.
[Ergonomics] Physical interaction and ergonomics. According to Rogers et al. [12] , if heuristic evaluation is conducted on a functioning product, the experts need to have some specific user tasks in mind to focus the inspection. Therefore, representative tasks were defined for the experts, including:
• Basic daily tasks: unlock screen, make phone calls, send messages, connect to Wi-Fi, and respond to notifications and alerts.
• Other essential tasks: contact management-related tasks (i.e., save a new contact, edit, and share), apps management-related tasks (i.e., search, sort, add to home screen, and uninstall), alarm management-related tasks (i.e., set and delete), and modifying smartphone settingsrelated tasks (i.e., change a ringtone, and add a new input language). These representative tasks are the main gateway through which elderly can interact with the smartphone to do essential activities. Thus, the tasks will either encourage or discourage the elderly to continue using the smartphone. Experimenter read through all the problems identified by the five experts, eliminate duplicates, and compiled into a single master sheet. Master sheet identifying the detected usability problems; explanation, place of occurrence, and associated heuristics that were violated.
In the final stage (debriefing session), the experts were provided with a master sheet listing all the detected usability problems, including those detected by other experts, and asked to rate the problem's severity as well as devise suggested solutions to fix the problems. Problem's severity was rated based on applying the Nielsen scale [24] , then mean was taken. Nielsen scale [24] includes:
• 0 = not a usability problem.
• 1 = cosmetic problem; need not be fixed unless extra time is available.
• 2 = minor usability problem; fixing it should be given low priority.
• 3 = major usability problem; important to fix, should be given high priority.
• 4 = usability catastrophe; imperative to fix this before product can be released. At the conclusion, the master sheet was reviewed by a HCI specialist who had the relevant experience in heuristic evaluation. This specialist revision corroborated the findings in the master sheet, specifically the problems and heuristics association.
This study was complemented by testing with eight elderly participants to check to what extent the usability problems identified by the experts would be perceived as real problems by the elderly. Testing started when experimenter welcomed a participant and gave him/her a background on the purpose of the test, then provided the participant with a written list of tasks. The tasks were identical to the representative tasks given to experts during the heuristic evaluation, as well as the smartphone; a Samsung J7 under default settings. During testing, the participant's interaction with the smartphone was observed, and the detection of usability problems and the successful task completion rate were recorded.
IV. ANALYSIS AND RESULTS
A. EVALUATION OF THE SMARTPHONE UI
The UI compliance to SMASH was investigated while the experts performed their respective tasks. In total, there were 27 usability problems and 27 heuristic violations identified on the UI. One to one heuristic violations were determined for each usability problem. ''Memory'' and ''Match'' were the two most frequently violated heuristics encountered (7 counts each). The next most common violations were ''Help'' and ''Consistency'' (4 and 3, respectively). The four heuristics were identified 21 times, equivalent to 77.78 % of the overall violations. Visibility, Control, Customization, Minimalist, and Ergonomics were account for 22.22 % of all violations. While, no violations have been addressed for error, efficiency, and recovery heuristics, since the experts did not identify usability problems associated to these heuristics.
During debriefing session, experts estimated the severity of each usability problem with the average (mean) recorded. The results showed that there were four catastrophic (severity rating >= 3.5), 16 major (3.5 > severity rating >= 2.5), seven minor (2.5 > severity rating >= 1.5), and zero cosmetic (1.5 > severity rating) usability problems identified. Figure 1 illustrates the distribution of usability problems in SMASH's 12 heuristics.
The results show that the current smartphone UI interface failed to comply with the SMASH heuristics in many aspects. Sections 1 to 5 describe in detail the heuristics violations relating to the UI. There were four sections allocated to each of the top four violated heuristics, with the fifth section left for added discussion on other violated heuristics. 
1) SMASH6: MINIMISE THE USER'S MEMORY LOAD
The SMASH6 definition states that the smartphone should provide visible objects, actions and options to prevent the user from having to memorise useless or irrelevant information [20] . This definition has been violated three times throughout the UI. First, under ''CONTACTS'' tab, the narrow width of the search bar border and the pale colour of the placeholder not visible against the white background colour, makes it difficult for the elderly to observe the search bar and read the placeholder (refer to Figure 2 (a) ). Secondly, low contrast between the unlock screen instruction and background, in addition to the small font size reduces the visibility to read and interpret the instruction (Figure 2 (b) ). Thirdly, using uppercase letters to refer to the button (e.g., CREATE and MORE), while a word using capital letters normally relates to a title (e.g., Phone). This reduces the elderly person's ability to detect buttons and differentiate them from the titles (Figure 2 (c) ).
SMASH6 suggests ''it is important that sensitive information should be placed in a visible spot '' [20] . Violations to this suggestion have been detected in three instances; (1) Greater area is given to the apps icons on the centre of the screen versus limited area, almost on the top of the screen, for substantial SEARCH, A-Z, and EDIT buttons (refer to Figure 2 (d)) . (2) The position of the ''SAVE'' button at the top of the screen is opposite to the direction of the save contact task (up to down). This position could make the ''SAVE'' button not noticeable to the elderly. (Figure 2 (e) ). (3) Notifications and alerts are scattered between the notification panel (opens by swiping down the top of the screen) and the application drawer (refer to Figure 2 (f) ). Alerts and notifications are not assembled and organised in a visible area on the UI.
The system suffers from an absence of appropriate easy to read instructions in some areas of the UI. These instructions are meant to guide the user to execute tasks which require performing interactions which the user may be unaware of. This absence conflicts with SMASH6 that urges instructions on how to use the system be visible or easy to access and follow [20] . Unlock screen is an example of a task that suffers from the temporary absence of instructions. The unlock instruction is provided as shown in Figure 2 (b) but disappears during the device charging process and instead, is replaced by a charging percentage (refer to Figure 2 (g) ).
Due to the elders limited or failing vision [4] , dim and undistinguishable UI elements may fail to catch the elderly user's attention. Also, presenting UI elements in hidden/unobserved spots could cause a visibility issue for this group of users. Hence, elderly's anxiety and memory load could be increased since they would need to recall how and where to find these elements.
The usability problems mentioned above are presented in Appendix A. Appendix A shows the problem's ID, location of the problems occurrence, the mean severity ratings, and the related figure.
2) SMASH2: MATCH BETWEEN SYSTEM AND REAL WORLD
On the smartphone, the search function is presented as an uppercase word at the top of the screen (refer to Figure 3 (a) ). Such design for the search function would not be well known or understood by the elderly who would be more familiar with a search bar feature, typically accompanied by a magnifier glass icon, to represent the search function. To save a new contact after entering the contact's name and phone number, the user would click on ''SAVE'' button. The position of the ''SAVE'' button (in the upper part of the screen) is opposite to the logical and natural order of the direction of the task being performed (i.e., up to down), refer to Figure 2 (e). The design of the search function and the position of the ''SAVE'' button conflicts with the SMASH2 definition; ''the device should follow real world conventions and display information in a logical and natural order.'' [20] The SMASH2 definition indicates that the smartphone should speak using the user's language rather than using system-oriented concepts and technicalities [20] . In fact, the system used jargon technical terms in many instances throughout the UI. For example, to unlock the screen, the user is required to enter their ''PIN'' number, which is probably incomprehensible term to most elderly people (refer to Figure 3 (b) ). ''Also, the language should be related to the real world and/or recognisable concepts.'' [20] , while vague terms are used to express various smartphone UI elements. For example, under the screen lock, the ''OK'' button is used to function as ''Enter'' in desktop/laptop's keyboard (refer to Figure 3 (b) ). The elderly would be more familiar to use ''Enter'' based on their experiences using a computer. Similarly, the settings options language is not easy to understand. One-word option (e.g., Bluetooth) or a brief sentence (e.g., Data Usage) doesn't convey the required meaning about the option's function (refer to Figure 3 (c) ).
The Smartphone provides several tasks which are required to perform unfamiliar and challenging interactions, e.g., ''tap and hold'' on the Wi-Fi icon to access available Wi-Fi access points. The elderly would continue pressing down on the Wi-Fi icon for a relatively long time, which is difficult to perceive, since ''tap'' to activate function is a lot more common than ''tap and hold''. A similar issue was identified for the ''drag and drop'' interaction that requires continuous contact between the finger and touchscreen on the device, which could be difficult to comprehend given an elderly user' mental and motor ability limitations. The not so intuitive ''tap and hold'', and ''drag and drop'' interactions do not comply with SMASH2 which requires smartphones to provide interaction modes to help the user perform tasks in an intuitive way [20] . Due to these interactions (''tap and hold''/''drag and drop'') and their dynamic nature, this problem cannot be illustrated graphically in this study. The usability problems as discussed above are listed in Appendix B.
3) SMASH11: HELP AND DOCUMENTATION
SMASH11 indicates that the smartphone should provide easy-to-find documentation and help, centred around the user's current task and recommending concrete steps to follow [20] . When the user taps on the ''Phone'' button, a search function will be provided (refer to Figure 2 (a) ). However, the search placeholder, which consists of one word (Search), does not present an informative instruction that would help to brief the user to enter the contact's name and/or number to perform search. An elderly adult may not understand how this search engine functions and could be confused as to whether it provides search for Internet, applications, or contacts. While under the screen lock, home screen, and application drawer, three usability problems related to the absence of contextual cues were discovered. These contextual cues should provide users guidance that would help to communicate right functionalities to the user thereby removing the need for the user to guess. The swipe to unlock screen feature caused violations to SMASH11 since there was no tooltip provided in the UI informing the user to perform a swipe interaction to unlock the screen (refer to Figure 2 (b) ). Even the available instruction is replaced by the charging percentage while charging the smartphone (refer to Figure 2 (g) ). Even though swipe interaction may look intuitive for young users, it may not be the case for elderly adults given their limited and diminishing abilities to perceive and remember things [4] . The same issue was repeated with add application to home screen task, which also suffers from the absence of a tooltip. This task requires dragging the application from the application drawer and placing it on the home screen. Due to the dynamic nature of this task, an illustration cannot be shown. The access quick settings panel functions (e.g., Wi-Fi, Location, etc.) experiences an absence of any visual cues on top of the screen (e.g., expand indicator), which would help to make the user aware of swiping down the top of the screen to expose these functions (Figure 4 (a) ). The usability problems are presented in Appendix C.
4) SMASH4: CONSISTENCY AND STANDARDS
According to SMASH4, the smartphone should follow established conventions, allowing users to do tasks in a familiar, standard and consistent manner [20] . Similar designs have been applied to the UI elements that adopt distinct roles. For example, the message icon is similar to the conventional email icon (Figure 5 (a) ). Also, similar terms have been used to label the UI elements that performing distinct functions. The two instances are classified under the issue; (1) ''Apps'' on the home screen and Microsoft Apps and Samsung Apps in the application drawer (refer to Figure 5 (b, c) ). (2), the default keyboard and Samsung keyboard under settings ( Figure 5 (d) ).
In some instances, the system shows a different response to the same user action, which can negatively affect the user's experience. When the user taps on the ''Phone'' button, a different screen will be shown depending on the last tab accessed (LOG, FAVOURITES, and CONTACTS). For example, in Figure 5 (e), the contacts screen is shown after tapping on the ''Phone'' button because the user tapped on the ''CONTACTS'' tab previously before leaving to another area on the UI. While in Figure 5 (f), the favourites screen is shown after tapping on the ''Phone'' button because ''FAVOURITES'' was the last accessed tab, in this scenario. This violates SMASH4 which expects the system to allow the user to perform tasks in a standard and consistent manner [20] . The usability problems mentioned above are presented in Appendix D.
5) OTHER SMASHS VIOLATIONS
The evaluation identified those actions that are automatically performed by the operating system (OS), auto connects to a known Wi-Fi network, is an example of such a case. In this example, the OS will directly connect the smartphone with a known (previously connected) Wi-Fi network without giving the user the ability to select between the all available networks. This limits the elderly's ability to manage the selection between the networks, especially in the case where there is more than one known network. The OS will connect with one of these networks which may not be the network that the elderly adult is trying to connect to. Additionally, the user receives many notifications and alerts during daily use of a smartphone. The collection of notifications and alerts can be shown by performing a ''swipe down'' interaction from the top of the screen to display the notification panel, or they may be scattered on the application drawer (refer to Figure 2 (f)). The user is required to make various attempts to respond to the intended notification/alert. Therefore, there is an issue which lacks a control widget that could collect received alerts and notifications and assist elderly to manage them. These two problems violate SMASH3 that requires that the user should be able to easily manage running applications, and resources in use [20] .
The SMASH9 definition identifies that the smartphone should avoid displaying unwanted information which could overload the screen [20] . The smartphone interface design shows a lot of information/UI elements under one screen. As shown in Figure 6 (a), there are many options under settings. Also, many options under language and input; language, default keyboard, Samsung keyboard, etc. (refer to figure 5(d) ). A lot of these options elderly rarely needs for frequent settings.
Regarding SMASH1 violations, the system does not provide an observed feedback when certain actions are performed. For example, when the user changes the ringtone, no visual confirmation feedback is provided when the new ringtone was selected. Although audio feedback is provided, but not if using the ''silent'' mode. Such absence of adequate feedback would leave the elderly uncertain about the consequences of their actions, which is consequently in conflict with the SMASH1 definition; ''the device should keep the user informed about all the processes and state changes through feedbacks and in a reasonable time'' [20] .
The system did not provide a convenient alternative to the problematic ''drag and drop'' interaction to add an application, particularly for frequent apps, to be placed onto the home screen (create shortcut). An alternative interaction is provided through the ''EDIT'' button, suffers from the same usability problem that the ''SEARCH'' button suffers from. Hence, SMASH7 proposes to ''provide basic and advanced configuration options that allow definitions and customization of shortcuts to frequent actions'' which in this case were not fulfilled [20] .
The position of the ''Save'' button at the top of the screen is not within reach of the user's thumb (Figure 2 (e) ). This is considered to be in conflict to SMASH12 suggestion to provide functionalities that fit the natural posture and within reach of the user's dominant hand [20] . The usability problems referred to other SMASHs violations are presented in Appendix E.
B. TESTING WITH ELDERLY USERS
Eight participants took part in the testing, according to Nielsen [30] having five participants can reveal most of the problems. The participants were aged 60 years and above. Three of them were females, while the rest were males. As for their educational background, four of the participants were college graduates or had a postgraduate degree, and three had some college/high school credits. Seven participants had been using smartphones for about two years, and all of them were using Android-based smartphones.
Overall, 24 usability problems were encountered by the elderly participants, 19 of them were identified through applying heuristic evaluation using SMASH, i.e., 79.17% of the problems experienced by elderly were predicted by the experts. User testing also revealed new five usability problems which were not predicted by the experts through heuristic evaluation. Each of these problems was experienced by one or more participant, and is:
• The meaning of the floating button was not obvious, e.g., add contact button (refer to figure 7 (a). Participant(s) was not able to understand button's function.
• ''Enter message'' was not easily distinguishable; after entering the intended recipient, the participant(s) continued typing the message in ''Enter recipient'' (refer to figure 7 (b) ).
• Some useful functions were hidden from the UI, e.g., ''SHARE'' (refer to figure 7 (a) ). To access ''SHARE'', participant(s) should either tap on ''MORE'' button, or ''tap and hold'' on the contact participant required to share.
• Missed call logo was not distinguishable on the status bar (refer to figure 7 (c)). Therefore, the participant(s) failed to realise that there was a missed call that should be responded to.
• Once the cross sign ''X'' was tapped, the alarm was immediately deleted. No confirmation message was shown to alert participant(s) about the consequence of this action. Observing the participants' behaviour revealed that task associated with the ''drag and drop'' gesture recorded a remarkable low successful task completion rate. The successful task completion rate is the number of elderly participants who completed the task divided by the number who attempted the task (eight participants) and then multiplied by 100. Only one participant succeeded to add an application to the home screen task, equivalent to 12.5% successful task completion rate, due to failure in applying ''drag and drop'' experienced by the rest of participants. Even when gesture was demonstrated to the participants during the post-testing discussion, the successful task completion rate was improved to 25% (2/8), i.e., only one more participant could apply the gesture correctly after explanation. A low successful task completion rate was also recorded with task associated ''tap and hold'' gesture which was equivalent to 37.5%. Three participants only were able to apply ''tap and hold'' to access available Wi-Fi networks menu. Even after the gesture was demonstrated to the participants, the successful task completion rate was improved to 50% (4/8), i.e., only one more participant could apply ''tap and hold'' correctly after explanation.
Motor skills inability to apply ''drag and drop'' and ''tap and hold'' gestures was the reason for the failure given by the participants. Thus, the issue with ''drag and drop'' and ''tap and hold'' did not originate from the elderly user's deficiency to understand the gestures mechanism only, rather from elderly user's physical inability to perform the gestures, even after the gestures were demonstrated for them. While no issue, physical or cognitive, was demonstrated by the elderly participants regarding applying the ''tap'' gesture.
C. USABILITY PROBLEMS CATEGORIES AND DESIGN SOLUTIONS
Through analysing the set of usability problems identified by experts and the five problems revealed by the elderly participants during user testing, the problems were classified into four categories as illustrated in Table 2 . The usability defects presented by ISO/IEC 25066 [31] , were considered as the basis to define the usability problem categories. ISO/IEC 25066 [31] defines seven typical usability defects as follows: (1) additional unnecessary steps not required as part of completing a task, (2) misleading information, (3) insufficient and/or poor information on the UI, (4) unexpected system responses, (5) limitations in navigation, (6) inefficient use error recovery mechanisms, and (7) physical characteristics of the UI that are not suitable for the physical characteristics of the user.
First, the usability problems were mapped with the matching usability defects. Among the seven usability defects, problems were found to match with four defects; physical characteristics of the UI, unexpected system responses, misleading information, insufficient and/or poor information. Based on these four defects, four primary usability problems categories were identified: appearance, language, dialogue, and information. Table 2 shows these four categories.
The appearance and language problems derived from the physical characteristics of the UI defects. Though they derived from the same usability defect, appearance and language were defined as two separate categories because they are concerned with different aspects of the usability problems. Appearance focuses on aspects of the problems related to the way the elderly user examines UI elements, while language concerns aspects of the problems related to the way the elderly user interprets and understands words on UI. According to ISO 9241-110 [32] , dialogue is defined as an ''interaction between a user and an interactive system as a sequence of user actions (inputs) and system responses (outputs) in order to achieve a goal''. The dialogue category has been expanded from unexpected system response defects since it concerns aspects of problems related to user actions and system response, rather than system response only. The information category was formed by merging insufficient/poor information, and misleading information defects into one category. Problems related to the elderly user's comprehension of the information presented in the UI were classified under this category.
The four primary usability categories were further analysed and classified into sub-categories each concerning a specific set of usability problems belonging to the comprehensive usability issues which the primary category relates to. For example, under the language category, there are three sets of language-related problems (sub-categories); (1) using not meaningful language (e.g., OK button), (2) using jargon terms (e.g., PIN), (3) and terms similarity (e.g., Apps, Microsoft Apps, and Galaxy Apps).
During the debriefing stage, solutions were suggested by the experts to solve the usability problems that had been identified during the evaluation session. The five new problems identified by the elderly users were reported to the experts, who then suggested solutions for each problem. Since each sub-category consisted of a set of usability problems (P1 to Pn), the solutions suggested by the experts for each individual problem classified under that sub-category were compiled into broad and comprehensive design solutions. The list of design solutions, which was a compilation of the suggested solutions by the experts for fixing the overall usability problems underlying that subcategory, were presented as bullet points. Figure 8 illustrates the approach for the compilation of the design solutions, while Table 2 elaborates on the design solutions.
D. DISCUSSION
SMASH detected 27 specific usability problems related to the smartphone's domain along with 27 heuristic violations. Based on the frequencies of the heuristics violated by category, there were two categories of unfulfilled heuristics; (1) Memory, Match, Help, and Consistency which account for 77.78 % of all violations, (2) Visibility, Control, Customisation, Minimalism, and Ergonomics which account for 22.22 % of all violations. While no violations have been addressed for error, efficiency, and recovery heuristics. Heuristic evaluation studies show that the frequencies of the heuristics violated could differ from one study to another, however, evaluation results of various systems show that ''Consistency'' and ''Match'' were among the top four violated heuristics, while ''Memory'' showed a considerable number of violations [33] - [36] . Previous studies show that having unviolated heuristics is possible, for example ''Recovery'' was not violated in study findings reported in [33] .
This study was complemented by testing with eight elderly participants. It was found that 79.17% of the problems experienced by the elderly were predicted by the experts through heuristic evaluation. This results in a good agreement with previous studies which indicated that five participants usually find around 75% of the total usability problems in the UIs [12] , [16] , [21] .
Testing with the elderly participants also revealed issues regarding the gestures applied by the elderly to perform a task. The ''tap'' gesture was the easiest for the elderly to operate on the smartphone. While task requiring a ''drag and drop'' gesture shows the lowest successful task completion rate. These findings are in good conformance with the findings of Leitão [37] that revealed the ''tap'' gesture was easily understood and performed, while the ''drag and drop'' gesture was more confusing and harder to perform.
Some of the usability problems identified in this study have a pronounced impact on the elderly adult user. For example, performing the ''drag and drop''. Other problems could have a general impact on both elderly adults and novice users. Like differentiating between the title and button design similarities; capital letters (e.g., Phone) refers to the title, a word with uppercase letters (e.g., CREATE) relates to the button. The novice young users could be confused between these similar designs that present different outcomes, but the impact on them will be redundant after few attempts because of the novice user's cognitive ability to discriminate. A similar observation has been demonstrated by Harada et al. [38] . According to Harada et al. [38] , younger users might be able to swiftly learn to encounter the different challenges (For example, non-instinctive multi-finger gestures) through trial-and-error and by relying on their mental models to gel with newest technologies; however, the hindrances could be greater for elderly users.
V. CONCLUSIONS
Applying a heuristic evaluation technique using SMASH was shown to be effective in identifying a large proportion of the usability problems the elderly users faced while interacting with a smartphone. The usability problems were not only due to UI design, some of the problems were due to difficulties of the elderly in performing the gestures which applied to the corresponding task; specifically, the ''drag and drop'', and ''tap and hold'' gestures. Therefore, it is suggested that the use of these gestures be eliminated or at least reduced.
This study has contributed to the classification of usability problems into categories and subcategories, and providing design solutions to fix the problems underlying each sub-category. A classification containing categories and subcategories which capture the essence of the individual usability problems, results in more meaningful problem clusters and advances the understanding of the sets of problems hindering elderly users. While design solutions would help to provide insights to smartphone UI designers into potential design improvements for UIs. Such improvements in design of ''elderly friendly'' interfaces would help to reduce the reluctance of the elderly to use smartphones.
Even though a heuristic evaluation of Android-based smartphones contributed to the classification of usability problems, an evaluation of iOS-based smartphones would have been able to reveal new usability problems, which in turn could extend the defined categories and suggested solutions for usability problems. Thus, one limitation of this study was that it lacked an iOS evaluation.
As a future work, a prototype of a smartphone launcher will be designed in view of the findings of this study, specifically, the design solutions. The launcher prototype will be subjected to usability testing with elderly participants. By analysing the interactions of the elderly participants with the prototype, while doing their respective tasks, and their feedback from a retrospective think-aloud session, the usability problems categories can be refined, and the launcher prototype enhanced. The enhanced prototype can then be the basis for the implementation of a commercialised smartphone launcher. 
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